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N-PORT SIGNAL DIVIDER/COMBINER 
FIELD OF THE INVENTION 

The invention relates to an N-port signal divider/combiner for dividing and/or combining 
signals in N-1 frequency bands. The divider/combiner is used typically but not 
exclusively, in a multiband antenna such as a Global Positioning System (GPS) antenna. 

BACKGROUND OF THE INVENTION 

A conventional GPS signal divider/combiner is shown in US 6515557 B1 The 
d.v,der/combiner has a common line; and two signal ports each coupled to the common 
l.ne by a respective transmission line. Each transmission line has an open-circuit stub 
extending from the transmission line, each stub having a length selected so that the stub 
acts as a notch filter at a respective rejection wavelength. In an altemate embodiment 
the stubs may be short-circuit stubs. 

us 6307525 81 describes an altemalive planar transmisston «ne diplexer or mulllplexer 
vmich employs open-circuit tuning stub etemenls. 

BRIEF DESCRIPTION OF EXEMPURY EMBODIMEOIT 

A « aspect of me exemplar embodiment provides an N-port s^nal divider/combiner for 
d,»,d,ng and/or combining signals in N-1 frequency bands, including a common line; and 
N-1 Signal ports each coupled to the common line by a respective Uansmisston line, each 
•ansm^s,on line living N-2 stubs extending from the t^nsmisslon line, each stub ha^^ng 
a tength selected so that the stub acts as a not* fiter at a respective rejection 
wavetength. therein at least one of the stubs a short<i™it stub, and at least one of the 
Stubs IS an open-circuit stub. 

for diw """'^ ^"^''^^^ ^'-9-' <^-der/combiner 

for dMding and/or combining signals in N-1 frequency bands, including a common line- 

and N-1 signal ports each coupled to the common line by a respective transmission line 

each transmission line having one or more stubs extending from the transmission line ' 

Wherein a flrBt one of the stubs has a length nA./4 selected so that the stub acts as a ' 
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notch filter with a reject band including a first wavelength A,, a second one of the stubs 
has a length mA,/4 selected so that the stub acts as a notch filter with a reject band 
including a second wavelength A,, and wherein n and m are different integers. 

5 We have recognized that the length of the stubs can be varied so as to achieve a desired 
frequency response. This can be achieved by making some stubs closed-circuit and 
other stubs open-circuit. Alternatively, the length of the stubs may be varied by selecting 
appropriate different values for n and m. In this case, the stubs may all be open-circuit or 
may all be closed-circuit, but at least two of the stubs will have different values selected 
10 for n and m. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings which are incorporated in and constitute part of the 
specification, illustrate embodiments of the invention and. together with the general 
descnpt.on of the invention given above, and the detailed description of the embodiments 
given below, serve to explain the principles of the invention. 

Figure 1 is a schematic view of a diplexer according to the invention- 
20 Figure 2 is a planar view of a quadrifilar helix antenna incorporating a 

combiner/divider according to the invention; 
Figure 3 is a detailed view of a feed circuit; 

Figure 4 is a schematic view of an amplifier incorporating two combiner/dividers 
according to the invention; 
25 Figure 5 is a graph showing the input return loss of the diplexer of Figure 1 • 
Figure 6 is a graph showing the output return loss of the diplexer of Figure \ ■ 
Figure 7 is a graph showing the reject bands of the diplexer of Figure 1 • and ' 
Figures 8-19 are graphs showing input and output return losses for a variety of different 
stub lengths. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Refem-ng to Figure 1. diplexer 1 has an input/output port 2. L1 pass port 3 and L2 pass 
port 4. The ports 2-4 are connected via respective microstrip transmission lines 5 6 7 
35 vvhich meet at a junction 8. 



A .^b 9 me.« me line 7 Iransvarsely a, a JunoBon 10. The sU,b 9 short^^uited - M 
^ « end ,s ,n conducive conlac, a g^und ptene (™, shown, a s.tabte g™™i 
™ (also no, Shown,. The length of short^^ul. stub 9 Is app™xln,a.ely equal .o 
MU), Where A(L1, Is ,^ wavelength o, GPS frequency L,. The d«,anoe alo,^, L 7 
^^en,unc«ons 8 and ,0 . app™..ately equal ,o A(L,V4, accurate to w«h „ a tew 



M «, «s end « separated from the ground plane (no, shown, by an insulator T„e length 
^^n.roul,s^b20.app„.rnate,y equal to 3«A(U, Where A(L2,lsthe»«ve^^^^^^^^ 
GPSfnequencyL2. ThedfeSncea,ongline6be*«eenjunottons8and2, is 
approximately equal to A(L2)/4. 

ronanrr,? *" ' ^^°«) 

iTr r. ^"""^ ^ ^'^^ - to a quadrifilar 

L2 antenna (not shown) which Is resonant m the L2 frequency band. 

The U pass port 3 receives signab from the L, antenna in the L, frequency band 
S^nais at the L, frequency pass along short.l,cu« stub 9, a. refrect d at L end o, the 
~u.. stub 9 w«h a ,80- phase change, and .turn toiu,K«on ,0 whe. the 

iterferedesmrcUvely with me inc«,.n, energy at U«Uf,eque.Ky. Thus tie short-clrcu, 
stub 9 acts as a notch frHer cen,«, at me U ,^^„cy. As a J«, LI en^y 

3 « blocked from line 7 and passes along common line 5. 

The L2 pass port 4 receives signals from the 12 antenna In the U frequency band 

1 the c --e-te. destrucsvely 

«^h nc„m,ng energy a, the frequency. Thus the ope„^™it stub 20 acts as a 

line 6 and is combined with the L, energy on common line 5. 

antenna ,s made of two radiating segments 30.40, and a base segment 60 The 
segments 30,40 Include .dialing elements 31-34 and 4,-44 Lpelely The t 
segm- ao c«al„s a pair of mlc^mp hybnd ,u„Con power dlvrt^ LI 3^ 
on one^e and a g,«,nd ptene ,„o, sr.^, on ,he opp^lte side. Segmenis 30 40 60T™ 
0. one single secfron of die^hc subslrate on which copper (or any srb^ 



conducor) deposited or elched to fom, the radladng elements, tt» diplexer, he hyt« 
junction power divider feed dncuits, and Hie ground plane. 

AS IS illustrated in FIG. 2, tne radia«ng ele^nts a» each connected to a respective 
hybnd ,unc«on power divider feed ci,cu« at one end and are open circuited at the other 
end. The length of each of the four radiating elements is initially 1/4 wavelength 
However, alter tuning and compensation for end effects, the ^suiting le,^ is shorter 
than 1M wavelength. Nevertheless, the elements operate In 1/4 wavetength mode. 

FIG. 3 Shows one of the feed clrcute 46 in more detail. The other feed c™« 36 Is similar 
in constr««on. The hybrtd coupler has a feed port 50 (coupled to the port 4 of the 

TT.VT" '^""^ ^ =^ '3 coupled 

d,^^ to the • hyhHd port 67. A.90. antenna port 52 is coupled to the 0- hybrid port via 
a 90 Phased line 56. Similariy, a -ISO' antenna pert 64 is coupled directly to the 180- 
hybnd port 68, and a -270- antenna port 53 Is coupled to the 0- hybnd port via a 90- 
Pha^ line 66. The radiating elements 41^ are contiguous with the antenna ports 
54,63.52,51 respectively. Thus the radiating elements aro driven In phase quadrature 
provKjtng the phase relationships required by dreularty polarized beam patterns. 

The helical pattern is accomplished by designing the segments 30,40 as parallelograms 
hav,ng ver^ca sides se, a, a predetem^lned angte (e.g.. 60 degroes, above the h Jcnta, 
*ne of the rectangulariy shaped segment 60. The radiating elements ara then disposed at 
me same angle. Thus, once the antenna Is turned Into a cylWer such that the angled 
s des Of ^e parallelogram as well as the two vertteal sides of «ie segment 60 touch Ih 

IT I TJ *° "^'"^ = ^'«-' ^'^ -Wve to each 

other. Note that the helical pattern S cont^w by the pitch of the chosen angte. Henc« 
the more acute the angle, the more turns thera Ml be In the helices fomred by me 
radiating elements upon the cylindrical transfom^tlon of the planar antenna of FIG. 2 

The back Of segment 60 is covered in copper which fom,s a ground plane (not shown) 
oiicuited. The back of sections 30,40 are devoid of copper. 

ZlT.r""^ ' ^ ^ ' '"^"Sh hole extending 

mrough to the ground plane on the back of segment 60. In an alternative constn-cton the 
ground connectfon may be made by bringing the stub 9 out to the side of the segment 60 
and fornimg the connection round the sMe of the segment 60. 
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To fabricate the q.adrifilar helix antenna, the planar antenna of FIG. 2 Is bent Inwardly 
tnto a cylinder. The hybrfd Junction power divider feed circuits, diplexer and ,«iating 
elements are k=cated within the cylinder whereas tfre g^und ptene Is outside. This done 
to pnoteC the antenna from possible damage due to handling and thereby eliminating the 

antnn!,^rT ^" «» P^- 

antenna of FIG. 2 may be bent outwardly. 

To manufacture the antenna of the present invention, the hybrid Junction power divider 
.0 feed crcutts 35,45 have to first be designed ,o provide impedance matching and 0 to 180- 
Phase sh« While fitting into a par«cular chosen area. Secondly, the 0- and 180- phase 
sh« locations of the hybrfd junction power divider feed ci^its 35,45 have to be located 
Thirdly, the correct length and impedance of the 90- phased lines 53,56 must be 
es^bltshed to allow for both n/4 wavelength mode of operatton and phase quadratu^ 
between the antenna ports. Once the steps above am accomplished, the correct 
ooy^ of all pertir^m parts of the antenna is simply etched or deposited onto a 
d^lacmc substrate. The dlelecfte subsUate can be made of glass, flbe^lass. Teflon or 
any ot^r material or combination thereof. However, In this case a pliable dletectric 
substrate ,s used to facilitate the shaping of the planar antenna of FIG. 2 Into a cylinder. 

once the deposition or etching of the copper on the dielectric substrate Is completed the 
amenna is bent Into a o^inder. The antenna is then fastened In that shape by taping the 
edges of the upper section of the antenna together and by soldehng orioining the edges 
Of the ground plane «<th conductive tape. Rnally, a connector Is soldered to the end of the 

25 input/output port 2. 

Note y * this n,ethod, many antennas can be deposited or etched on a large sectton 
Of d^lectnc substrate. After the deposition, each antenna can be die cut, rolled Into a 
cy^ nder, sddered or Joined at the right locations and be t^ady for use. Note also that the 
^denng ,s minima, (i.e., one or ^ soldering connecSons, and done on non-senslBve 
parts of the antenna (i.e.. ground plane and connector). 

Although the diplexer of Figure 1 is shown in Figures 2 and 3 In use in a quadrifilar 
antenna, the diplexer may also be used in an amplifier as shown in Figure 4 Figure 4 

showsanampllfler70inco,po«tingaslgnaldMder71andasignalcombiner72 The 
dnoders 7, and 72 a« each constructed In the same manner as the diplexer 1 of Figure , 
D«der 71 receives signals In the LI and L2 freque,x>y bands on common input line 73 ' 



directs ma L1 signals ,o amplfcr 74, and dl«cts me L2 signals to ampler 75. After 
^^Pl^ca^on, me U ana L2 signals are o»,l„ed by co...ner 72 a«. output ^ oo™,on 

The perfom,ance of me diptexer 1 w«l now descrtl«d wlm lefe,^ to Rgu«s 5-7. 

Figure 5 shows the Input port return loss dB[S(1,1)I of me diplexer 1. Specifically Figure 
Ss^ me rat. between the power Inp. ,„ ^ , ^nd me power reflel J'to^ 
from me diplexer. overa range of frequencies from ,.,76 GHz to ,.625 GHz It can L, 
Z.Zu T """'"^ ^' '"-^ ^^'-Ouency, and ,.57542 

anTtr:;:e::r'^""'''^~~'^'---^-'--- 

Figure 6 Show, me output portretum loss of me diplexer. Plot 30 shows the output pod 

Z r """^ power 
n,^.topo„4and.he power renectedbacK»port4f™n„hediplexer,overale Of 
^uences from,., 75 GHz to , .625 GH. « can be seen ma, me plot 30 has Jng^ 
m,n™.a.meL2fred«ncy. Si*dy,plot3, show, the ,a«o bel„ ,ne pj^ 1, 
^ PO and me power re«ec^ ba^ .„ po« 3 fr^ me d^exer. I. can be seen Z 
plot 31 has rmrna at me L, frequency, and at ,.475 GHz. 

dBlS 2, , )J between me power input to L2 pass port 4 and the power output tx>m 
.r.put,outputport2, overa .ngeof^uenc^^ 1.175 GHzto ,.625 GHz Lean be 
s^n m < .3 ,ot 40 has a single n,ini™„ . me LI ^„e,Ky, and approache^^: ^ 
me 2frequeno,. Similady, ptot4, showsme ,atiodB(S,3,1„ between me power Input 

to 1passport3and,hepoweroutputf™inpu,„u,putport2. Itc^nbeseenmatr 
plot 41 has a single mmlmum at me L2 frequency, a™, approaches OdB a, me LI 

frequency. 

Mhough 1^ embodiment of Figure 1. the open.ci™it stub 20 has a lengm of 3/4A(L2) 
^estub 20 can have any lengm nA,L2,/4. where n Is an odd integer ,,3,6 1. It , 
^ugMhe .ngth^ short.>cui. stub 9 Is ,L„. me shod.i™i. stub 9 can have a y ' 

selecting n-3 and m=4 provides optimal perfomance in me L, and L2 bands. 



.enotht " 7 ""^^""^ «tubs Of various 

stub with a respective different length. 

Specifically, the stub lengths and configurations are as shown below: 

• Figure 8: L1 reject, 90° open-circuit 

• Figure 9: L1 reject, 180° short-circuit 

• Figure 1 0: L1 reject, 270° open-circuit 

• Figure 1 1 : L1 reject, 360° short-circuit 

• Figure 12: L1 reject, 450° open-circuit 

• Figure 1 3: LI reject, 540° open-circuit 

• Figure 14: L2 reject. 90° open-circuit 

• Figure 1 5: L2 reject. 1 80° short-circuit 

• Figure 16: L2 reject. 270° open-circuit 

• Figure 1 7: L2 reject. 360° short-circuit 

• Figure 18: L2 reject. 450° open-circuit 

• Figure 1 9: L2 reject. 540° open-circuit 

The input port return loss dB[S(1.1)] is labelled 90 in Figures 8-19. and the output port 
.tu. loss dBIS(2.1)j IS labelled 80 in figures 8-19. The output port return ioss abl 80 
has a n,,um labelled 81 at either the LI frequency (forthe LI reject Figures 8-13) or a 
the L2 frequency (for the L2 reject figures 14-19). ^i-^^.orat 

optima, operation is achieved by selecting a length of stub which gives a relatively ,ow 
.nptreturn loss 80 andarelatively high output return loss 90 at the reject frequenc^^^ 



Figure 11: LI reject, 360° short-circuit: 

• input return loss 80 at LI : -i 7.5 

• output return loss 90 at L 1 : -1 .5 dB 
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• input return loss 80 at L2: -0.5 dB 

• output return loss 90 at L2: -20.5 dB 

Figure 16: L2 reject, 270° open-circuit: 

• input return loss 80 at L2: -1 8 dB 

• output return loss 90 at L2: -1 .5 dB 

• input return loss 80 at L1 : -0.5 dB 

• output return loss 90 at L 1 : -1 7 dB 



It can be seen from Figures 8-19 that other stub lengths could be selected, but may be 
less optimal than the selected stub lengths. 

While the present Invention has been illustrated by the description of the embodiments 
thereof, and while the embodiments have been described in detail, it is not the intention of 
the Applicant to restrict or in any way limit the scope of the appended claims to such 
detail. Additional advantages and modifications will readily appear to those skilled in the 
art. Therefore, the invention in its broader aspects is not limited to the specific details 
representative appamtus and method, and illustrative examples shown and described 
Accordingly, departures may be made from such details without departure from the spirit 
or scope of the Applicant's general inventive concept. 

Although the prefened embodiment is operated in receive mode for receiving satellite 
GPS signals, the antenna could also be operated in transmit mode for other applications 
The antenna could also be operated In both transmit and receive mode, either 
simultaneously or alternately. 

The principle of the diplexer can be extended to an N-port divider/combiner with a 
common line. N-1 transmission lines coupled to the common line, each transmission line 
having N-2 stubs. 



